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REPORT NO. 664

WIND -TUNNEL INVESTIGATION OF AN N. A. C. A. 23012 AIRFOIL WITH VARIOUS
ARRANGEMENTS OF SLOTTED FLAPS

By CARLJ. WENZINGERand THOMASA. HARRIS

SUMMARY

An investigation was made in the 7- by IO-foot wind
tunnel and in the variable-density wind tunnel o.[ the

.V. A. C. A. 2301_ airfoil with various slotted-flap ar-

rangements. The purpose of the investigation in the 7-

by IO-foot wind tunnel was to determine the airfoil section
aerodynamic characterist_ as affected by flap shape, slot

shape, and flap location. The flap positiam.for maximum
lift; polars for arrangements eonvidered favorable for take-

off and climb; and complete lift, drag, and pitching-

moment characteristics for selected optimum arrange-
ments were determined. The best arrangement was

tested in the variable-density tunnel at an effective Rey-

nolds Number of 8,000,000. In addition, data.from both
wind tunnels are included .for plain, split, external-air-

foil, and Fowler flaps for purposes of comparison.

The optimum arrangement o] the slotted flap was

superior to the plain, the split, and the external-airfoil
_pe8 o/flap on the _ o/maximum lift ¢oe._eient,
low drag at moderate and high lift coe_'ients, and high

drag at high lift coe3_ients. The inerem_ of maximum

lift due to the slotted flap was found to be practically

independent of the Reynolds Number over the range

investigated. The slotted flap, however, gave slightly
lower maximum lift ¢oefftcients than the Fowler flap. It

was found that slot openings in the airfoil surface at the

flap caused a measurable increase in drag of the airfoil

for the condition of high-speed flight even if the slot was

smoothly sealed on the upper _urface and there was no

flow through the slot. It was also found that, in order
to obtain the highe_ lift coe3_ients, the nose of the flap

should be located slightly ahead o.f and below a slot lip
that directs the air downward over the flap. The nose

off the flap should have a good aerodynamic form and the
slot entry should have an easy shape to obtain low drags

at moderate lift coe_'wients.

INTRODUCTION

Most present-day airplanes, because of their high

wing loadings and cleanness of aerodynamic design,

employ some form of lift-increasing and drag-increasing
device to assist in landing them in a field of restricted

size. Also, increases in lift without increases in drag

appear desirable in the take-off and in the climbing
conditions of flight.

The foregoing considerations indicate that the most
desirable form of high-lift device is one capable of

providing high lift with relatively low drag, and also

probably high lift with high drag. Some other desirable

aerodynamic features are: no increase in drag with the

flap neutral; small changes in wing pitching moment

with flap deflection; low forces required to operate the

flap; and freedom from possible hazard due to icing.
Some form of slotted flap was believed to be the most

promising for the conditions noted. Various forms of

slotted flap include the external-airfoil (references 1

and 2), the Fowler (references 3 and 4), and the Handley

Page types (references 5, 6, 7, 8, and 9).

The present investigation was made in two main

parts. The tests reported in part I were made in the 7-

by 10-foot tunnel of slotted flaps somewhat similar to
the Handiey Page type. Flaps of three different sec-

tions and with several different slot shapes were tested.

Surveys were made of flap location to obtain the best

aerodynamic characteristics for each arrangement. In

addition, a plain flap, a split flap, an external-airfoil

flap, and a Fowler flap were included for purposes of

comparison.

Part II reports tests made in the variable-density
tunnel of the best slotted flap arrangement (2-h) de-

veloped in part I, to determine the effects at high Rey-
nolds Numbers. In addition, slotted flap 2-h was

tested in combination with a 60-percent-chord plain

flap to see whether, as in previous unpublished tests of

the plain flap alone, rounded lift-curve peaks could be
obtained.

The tests reported in part II were made by the var-

iable-density-tunnel staff and the material presented as

part II was prepared for publication by Harry Green-

berg and Neal Tetervin.

I. TESTS IN 7- BY 10-FOOT WIND TUNNEL

APPARATUS AND TESTS

THE MODIFIED7- BY IO-FOOTWINDTUNNEL

Before the present investigation was started, the 7-

by 10-foot open-jet wind tunnel (reference 10) had been
modified, mainly by the addition of a closed test

1
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section and a new entrance cone: (See fig. 1.) With
these changes, the static pressure is practically constant
along the axis of the test section and the noise during
tunnel operation is fairly low. In addition, by making
the top and the bottom of the test section parallel, an
arrangement is obtained whereby two-dimensional-flow
tests can conveniently be made of large-chord models
completely spanning the jet in a vertical plane. The use
of such an installation permits a large ratio of chord of
model to height of jet together with small wind-tunnel
corrections (references 11 and 12) so that the range of
Reynolds Numbers of the tests for obtaining airfoil

tween the model and the tunnel walls is indicated by
the flashing of neon lamps connected in an electrical
circuit including the walls of the test section and thin
metal plates fastened to each end of the model.

The standard force-test tripod used with the pre-

vious open-jet wind tunnel (reference 10) to support
horizontally the smaller finite-aspect-ratio models has
been replaced by a single cantilever streamline strut.
The opening in the foot of the closed test section
through which the strut passes is made airtight by a
mercury seal. The e.visting scales are used with both
types of test; however, in the case of the two-dimen-

T

L J

Horizonfo/ sech'om

I

63"Z"

¢ x "C

VeFf/CQI secflom .,_'_

•
A B . I_"'0

I
I
i

A, entrl_ol ooze. E, hoaeyoomb. H, propeller.

B, exit oone. F, balance snd model- I, motor, 200 hp.

C, return ps_mge, supporting strut. J, ststl¢ plat*..
D, IPs/de vanes. G, modeL K, antlswlrl vsnu.

lhowt= L--Diagram of the 7- bT t@-l_t wind tunnel with closed test _ction.

sectiondatain a givenwind tunnelcan be considerably
increased.

The wind-tunnelbalancehas been slightlymodified

by installingtubularsupportson thetopand thebottom

ofthebalanceframesurroundingthetestsectionsc'hat
the model can be heldvertical.The tubularsupports

extendthroughcircularholesin the closedtestsection
tosocketswith clamps in the ends of the model; they

can be rotatedwitha motor driveby gearsand shafting

to change the angleof attackfrom outsidethe wind

tunnel. A clearanceof about _2 inch is allowed

between the ends of the model and the top and the

bottom of the testsection(fig.2). Any contactbe-

sional-flow tests, lift is measured on the cross-wind
scale and pitching moment on the yawing-moment
scale. (See reference 10 for arrangement of scales.)

Sphere tests have been made to obtain an indication
of the turbulence present in the air stream of the closed
test section. The turbulence was found to have

changed slightly from that of the open-jet wind tunnel,
so that the turbulence factor (reference 13) has been
increased from a value of 1.4 to 1.6. The dynamic
pressure of the air stream at the working section in
either horizontal or vertical planes is constant within
4-0.5 percent, and the air stream is parallel to the
axes of the test section within 4-0.5 ° .
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MODFJ_

Plain airfoiL--The basic model, or plain airfoil,
(fig. 3) was built of laminated pine to the N. A. C. A.
23012 section (table I) and has a chord of 3 feet and a
span of 7 feet. The trailing-edge portion of this airfoil
was made easily removable so that the model can be
quickly altered for testing different flap arrangements.

,!
I

i
\

Model support-.

._.l

Verflcol section

Fieuzz =.--Model installation for two-dime_elonal-fto_ tNts In the 7- by 10qoot
wind tunnel.

Split flap.--A simple split flap with a chord 20 W
cent of the airfoil chord (fig. 3) was used in conjunefi-n

with the plain airfoil. This flap is of plywood, ,7'inch
thick, and is fastened to the model by scrm:s. The
flap angles (0° to 75 °) are set by wooden blocks cut to
the desired angles and placed between the flap and
the airfoil.

Plain flap.--The plain flap (fig. 3) also has a chord
20 percent of the airfoil chord and is mounted on a
removable section, which replaces that of the plain
airfoil. Fittings supporting the wooden flap are of
thin steel and are equipped with bali-bearing hinges so
that the hinge moments of the flap can be measured.
The flap angles (38° up to 75° down) are set by a push
rod and bell cranks, so arranged that the settings can

be changed from outside the wind tunnel. The gap
between the flap and the airfoil is sealed top and
bottom by thin metal plates.

_emovoD/e

i c -36.0"
_--/2.0"--.

Plazn oI)-FoH.

Sp//t flap.

,R = .026c

Pla_n flap. .ZOc

c_. 36.0" -i.0Z8c.,

External a/,rfo/lf/aPH1n_ _-"

c,, -. ZGG 7c_,

c_. 36.0"

] .025c_,

c_ = .2667cw_'_.: '

FIoUltl 3.--Sections of the plain N. A. C. A. 23012 airfoil and of the airfoil'_cith
different typ_ of flap.

¢

.?xternal-airfoil flap.--The external-airfoil flap, avail-
_,ble t'zgm another investigation, was used without
alteration although it was somewhat larger than deo

sired, having a chord 26.67 percent of the airfoil chord
(fig. 3). The flap has the N. A. ¢. A. 2301_. section
and was located with respect to the main.'_irfoil in
accordance _rith the results of reference 2. The flap

is supported on the main airfoil by thin metal fittings
arranged so tha', the flap angle can be set 3° up to
50 ° down.
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Fowler flap.--The external-airfoil flap was also used

as a Fowler flap (26.67 percent of the main airfoil

chord) after modification of the main airfoil (fig. 3).

No actual data were available showing the best location

of a Fowler flap of N. A. C. A. 23012 profile with a
main airfoil of the same profiT'_, however, the flap was

located on the basis of tests of external-airfoil flaps

of N. A. C. A. 23012 profile (reference 2) and of tests

of Fowler flaps of Clark Y pro6le (reference 4). The

flap is supported on the main airfoil by thin metal

fittings so that the flap can be set from 0° to 60 ° down

when completely extended. The main airfoil is at-

f

f

_900c

•8081c

C

•8000 c

•808/c
C

•8000 c

•808/c
C

,[1- 0789c_tl l-b

37" _)o._Ts_"

IR = 0417c i _ 1-c

I, .8000 c

I .7431 c

C
=" T--.Z563e

Ftou_g 4.--Sections of atrfofl with amu_mnents of Blotted flap 1.

ranged so that the N. A. C. A. 23012 Fowler flap may

be almost completely retracted for the flap-neutral

condition. (See fig. 3.)

Slotted flap 1.--The three slotted flaps tested ar_

designated by numbers and the slot shapes by appended

letters. Slotted flap 1 (fig. 4), which is representative
of recent Handiey Page practice, was built according
to dimensions taken from reference 8. The ordinates

for this flap are given in table II. The slot variations_
p Tused with flap 1 are shown in figure 4 and in tab] ; _..

Shape a is also representative of recent Handle_: Paget
practice and was built according to dimensions taken

from reference 8. Shape b is the same as shape a

except for an increase in the length of the slot lip to

close the slot on the upper surface of the airfoil with

the flap neutral. Shape c is an intermediate step

toward closing the slot on the lower surface, and shape
e has the slot sealed all the way through the airfoil

when the flap is neutral. Shape e was further modi-

fied by different roundings of the slot entry. The slot

entry with the 0.02c radius'is designated as e2 and the
one with the 0.04c radius, as e_.

Two methods of hinging flap 1 were employed. The

first method was to hinge it about a single predeter-
mined axis location obtained from reference 8 for corn-

.8270c '! 2-h

37" '!047Ec
.808/e ,_

L

.8270c_ _ l

It.

.7442c

C

lqOU_.B S.--Seot_us of airfoil with arraui(eme_ts of SJott4K!flap 2.

parison with recent Handley Page practice. The

second method was to mount the flap on the main air-

foil by special fittings that allowed the flap to be

located at any point over a considerable area with

respect to the main airfoil.
Slotted flap 2.:--It was believed that a good airfoil

section would probably make the best flap shape, espe-

cially from considerations of drag at low flap deflections.

The front portion of slotted flap 2 was therefore made
to the N. A. C. A. 6318 airfoil section back to the maxi-

"I .7431c

C

.8/70c---_ 3-f

I,R.ol48 
'_i_. 20c

.7656cC

I.,_2/48 c _

Flea..It 8.--Sections of airfoil with lurrm',gementsof slotted flap 3.

mum thickness and was faired into the contour of the

main airfoil over the rest of its length. The arrange-

ments of slotted flap 2 and the slot variations used in

conjunction with it are shown in _5_re 5 and in tables

r and II. Slot shape h is the same as shape a except

t -t the lip is made long enough to seal the slot on the

upper surface of the airfoil with the flap neutral. Slot

shape _ (table I) is sealed all the way through the wing

with the qap neutral except for the radius at the slot

entry. Flap 2 was hinged in a manner similar to the

second method for flap 1.
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Slotted flap 3.--Slotted flap 3 has an arbitrary shape

with a very blunt nose (fig. 6). Slot shape f is the same
as slot shape e except for the longer lip to seal the slot

on the upper surfaces of the airfoil when the flap is

neutral. The ordinates for this slot shape are given in

table I. Slot shape g (fig. 6) is designed to give a good

expanding sdot shape for flap deflections up to 50 ° with

the flap hinged at a point on the lower surface of the

flap 20 percent of the airfoil chord from the trailing

edge. The same main fittings were used on the airfoil

to support this flap as for flaps 1 and 2; they allow the

flap to be located at any point over a considerable area
with respect to the main airfoil.

GENERALTF_T CONDITIONS

The two-dimensional-flow installation in the 7- by
10-foot closed-throat wind tunnel was used for the

tests. (See fig. 2.) The regular six-component balance

(reference 10) was used to measure the lift, the drag, and

the pitching moment of the modal. The hinge mo-

ments were measured with a special torque-rod balance.

A dynamic pressure of 16.37 pounds per square foot
was maintained for all of the tests except those of the

external-airfoil and the Fowler flaps. This dynamic

pressure corresponds to a velocity of about 80 miles per

hour under standard atmospheric conditions and to an

average test Reynolds Number of 2,190,000. Because

of the turbulence in the tunnel, the effective Reynolds

Number R. of the tests was approximately 3,.500,000.
The models with the external-airfoil and the Fowler

flaps were tested at a dynamic pressure corresponding
to a velocity of 63.2 miles per hour under standard

atmospheric conditions. With this velocity, the test

Reynolds Numbers were also 2,190,000 for the testa

with the external-airfoil flap and with the Fowler flap

fully extended, based on the sum of the chords of the

main wing and the flap. In addition, tests were made

of the wing with the Fowler flap fully retracted at both
80 and 63.2 miles per hour.

Tests were first made of the plain airfoil and of the

airfoil with split, plain, external-airfoil, and Fowler

flaps through a complete range of flap deflections and

angles of attack for comparison with other tests and
also for comparison with the slotted flaps of the pre_nt

investigation. As an example of one of the recently

used Handley Page slotted flaps (reference 8), a few
tests were made of one slotted flap hinged about a pre-

determined axis location. The greater part of the

investigation, however, consisted of surveys to deter-

mine the optimum flap positions and deflections for
maximum lift and climb. Suflqcient angles of attack

at each flap deflection were taken to determine envelope

polars over the complete lift range from zero to maxi-

mum lift. Data were obtained at 2 ° increments of angle
of attack and at 10 ° increments of flap deflection for

each flap location. Lift, drag, and pitching moments
were measured for all positions of the flaps over the

angle-of-attack range tested. Hinge moments of the

plain flap and of one slotted-flap arrangement were also
measured.

RESULTS AND DISCUSSION

COEFFICIENTS

All test results are given in standard section nondi-
mensional coefficient form as follows:

c,, section lift coefficient (l/qc).

c_, section profile-drag coefficient (do/q¢).

c,c,.,.>0, section pitching-moment coefficient about
aerodynamic center of section with flap in

neutral position (m¢,.,.>o/_C_).

c_t, section hinge-moment coefficient of flap

(h/_c/).
where

I is section lift.

d_, section profile drag.

me,.,.)0, section pitching moment.

h, section hinge moment of flap about a speci-
fied axis.

_, dynamic pressure (%p_).

s, airfoil chord including flap; for models with

external-airfoil and Fowler flaps, c is the
sum of the chords of the main airfoil and

the flap (c,+ct).

c/,flapchord.
and

ao is the angle of attack for infinite aspect ratio.
St, flap deflection.

PR]ECZSION

ACCuraCy of tests._Frem repeat tests the accidental

experimental errors in the results presented in this

report are believed to lie within the limits indicated in

the following table:

ao............ 4-0.5°

c,_ .......... +0. 03

c=c,,.=.)o........ +0. 003

cdb_=,.o_........ ±0. 0003

C_Occ,.LO)....... -4-0.0006

c,_occ,.z5) ....... ±0. 002

_t- ............ 4-0. 2°

Flap position___ 4-0. O01c

The profile-drag coefficient c_0 of the airfoil-flap

combinations has not been corrected for the effect of

the flap-hinge fittings. From tests of the airfoil with

various flaps neutral and hinge fittings in place, but

with all openings in the airfoil surface sealed, it was

found that the drag increment was consistently about

0.001. No tests were made to determine the hinge-

fitting drag with the flaps deflected because of the large

number of additional tests required. The relative

merits of the various flap arrangements should not be

appreciably affected by hinge-fitting drag since the

same hinge fittings were used for all

With a few of the slotted-flap arrangements, two sets

of data could be obtained, an indication of two types

of air flow. For these cases, the data for the more
stable of the two flow conditions were used.
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Wind.tunnel correetions.--Certain theoretical cor-

rections have been derived for the effect of tunnel walls

on the lift of a fiat plate completely spanning the jet

at an angle of attack (references 11 and 12). An

attempt was made to check these corrections experi-

mentally for an airfoil in the two-dimensional-flow

installation and, at the same time, to examine the effect

of tunnel walls on the drag and the pitching moment.

This experimental investigation showed the correction
for lift to be about 1 percent greater than the theoreti-

csUy derived correction for ratios of model chord to jet

height up to 0.4. The experimentally determined cor-
rection has been used to correct all the lift data pre-

sented in this report. The maximum lift coefficients

•008
j

g_

,_ _ z. o ._ .8 /.z /.6
_ Sect�on //ftcoeff/c/ent, ct

Fxom 7.--Sutlon ssrod_mam/o eharactwiztlcs of N. A. C. A. 22012 plain a/r_il.

given are about 10 percent higher than those given by
a rectangular airfoil of aspect ratio 7 but are probably

the same as would be obtained with an airfoil designed

to give elliptical lift distribution. This excess of lift

was checked by testing the same model (12 inches

chord by 84 inches span) in the two-dimensional-flow

installation and on the regular three-dimensional-flow

set-up. The results agree very closely with the results

of pressure-distribution tests and with theoretical con-

siderations of the span loading on rectangular wings.
(See reference 14.)

The investigation to determine a correction for drag

has not been conclusive. The tests completed up to

the present time, however, indicate that the drag

results are about 10 percent higher than expected.
There are no theoretical corrections for the drag

(reference 11) except for a symmetrical body at zero

lift. No corrections for the apparent tunnel effect

were applied to the drag data. Since any correction

would presumably be about the same for any of the

airfoil-flap arrangements at given lift coefficients, the
relative merits of the various combinations should not

be markedly affected by a drag correction. All the

drag data have been corrected in accordance with

reference 14 by a constant Aca o of --0.0008 so as to

apply at an effective Reynolds Number of 3,500,000.
Tests to determine tunnel corrections showed that

the pitching-moment coefficients required no correc-

tion within the experimental accuracy of the tests.

PLAIN N. _ _ _ 23@!2 LrRForL

The section aerodynamic characteristics of the plain
N. A. C. A. 23012 airfoil, as determined in the two-

dimensional-flow installation, are shown in figure 7.

The polar is in good agreement with a generalized polar
for the N. A. C. A. airfoils given in reference 14. The

mimimum profile drag is, however, about 10 percent

higher than the minimum profile drag of the same air-

foil section for the same effective Reynolds Number.

This difference is not considered serious, and some con-

templated additional tunnel-effect tests will probably
furnish information as to the indicated differences.

The pitching-moment coefficient about the aerody-

namic center checks the pitching-moment coefficient

given in reference 14 for the same effective Reynolds
Number. The slope of the lift curve dcdda is 0.107

from the present tests, as compared with 0.098 from

the results for infinite aspect ratio of tests of models of

finite aspect ratio given in reference 14. This difference

in lift-curve slope, although not yet adequately ex-

plained, should not affect the relative merits of the test

results of the flap combinations presented in this report.

The angle of zero lift, within the experimental accuracy
of the tests, agrees with the angle of zero lift as deter-

mined by other tests (reference 14).

FLAPS leOR COMPARISON WITH SLOTTED ARRANGEMENT

Split flap.--The" section aerodynamic characteristics

of the N. A. C. A. 23012 airfoil with a 0.20c split flap

are shown in figure 8. The lift curves have about the

same slope as that of the plain airfoil. The angle of
attack for maximum lift decreases from about 15 ° with

the flap neutral to 14 ° with the flap down 45 ° . With the

flap down 60 ° or 75 ° , however, the angle of maximum

rift is only about 12 °, a change of 3 ° from the plain
airfoil. A change of this magnitude in the angle of

attack for maximum lift may have considerable effect

on the manner in which a wing stalls for combinations

with partial-span split flaps.
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The increment of maximum lift coeËiicient for a

given flap deflection is from 4 to 10 percent larger than

the increment obtained in previous tests of a model of

finite span at a much lower Reynolds Number (reference

15). The increases may be almost entirely accounted

for by the difference in span loadmgs because the
reference tests were made with a rectangular airfoil
in three-dimensional flow. Increments of maximum

lift coefficient of an airfoil with a split flap may be

considered to be practically independent of Reynolds

Number. The increment of minimum profile-drag

coefficient for a given flap deflection for these tests is

about 10 percent greater than for the tests of reference

15. The pitching-moment coefficients from the two-

dimensional-flow tests are in good agreement with the

pitching-moment coefficients given in reference 15 for

the same flap deflections.
Plain flap.--The section aerodynamic characteristics

of the N. A. C. A. 23012 airfoil with a 0.20c plain flap

are shown in figure 9. Comparison of these results with

the plain-flap results of reference 15 shows about the

same differences that were observed for the split flap.

The section hinge-moment coefficients given in figure 9

are of about the same magnitude as hinge-moment

coefficients of a 0.20c plain flap on a Clark Y airfoil
(reference 15). It should be noted that the charac-

teristics for the plain flap with both up and down
deflections are useful for the estimation of aileron as

well as flap effects.

External-airfoil flap.raThe section aerodynamic char°
acteristics of the N. A. C. A. 23012 airfoil with an

N. A. C. A. 23012 external-airfoil flap are given in

figure 10. The relative merits of this flap arrangement

are about the same as a similar arrangement tested in
three-dimensional flow (reference 2) at the same effec-

tive Reynolds Number. Peculiarities in the curves of
lift, profile drag, and pitching moment at the high

flap deflections seem to be characteristic of this type of

flap and probably indicate a marked change in flow

pattern around the combination. As pointed out in

reference 2, the pitching-moment coefficients with this

type of flap are higher than with the split or plain flaps.

Fowler flap.--The section aerodynamic character-
istics of the N. A. C. A. 23012 airfoil with an N. A. C. A.

23012 Fowler flap are given in figure 11. The data for

the model with the Fowler flap fully retracted included

on this figure are taken from the tests at 80 miles per

hour. These results are in good agreement with pre-
vious results of tests of Fowler flaps. (See references 4

and I6.) The large pitching-moment coefficients ob-

tained with this flap may, in a large measure, affect its

use for a particular design. It is of interest to note that,
with the flap fully retracted, there is no measurable

increase in profile drag over that of the plain wing (fig. 7)

for lift coefficients (c_) below 0.8 but there is a loss of

about 0.05 in maximum lift coefficient. The angle of

attack for maximum lift with the flap set at 30 ° is only

10°, which is a decrease of 5° when compared with that

for the plain wing. This decrease is greater than that

for any of the other flap arrangements.

PRBLII411NARYTI_TS OFSLOTTEDFLAPS

A preliminary investigation was conducted of the
Handley Page slotted flap, designated flap 1, and of

four slot shapes, the combinations being designated

!
!

o zo 40 60 80
f/ap deflecfion, 6f , deg.

FIGUil 12.--E_t of slot Ilhspe on cl . Flap I at pt_detafmll_d axis location.

l-a, l-b, l-c, and 1-e (fig. 4). For this part of the

investigation, the axis about which the flap was de-
flected was determined from the data of reference 8.

_.ffeet of slot shape on maximum IHt.--The maximum

lift coefficients c_,,= are plotted against flap deflection 5t

in figure 12 for the several slot shapes. These data

show that extending the lip of the slot so that the slot

is sealed at the exlt_when the flap is neutral (shape l-b)

gave an increase of 4 percent in maximum lift coefficient

over shape 1-a. Increasing the slot-entry angle (shape

l-c) caused a very slight decrease in maximum lift

coefficient. A further change in slot shape to close the

gap through the airfoil with the flap neutral (shape l-e)

decreased the maximum lift coefficient 11 percent from
the value obtained with slotted flap l-b.
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Effect of slot shape on profile drag.--A comparison
of the envelope polars for slotted flaps 1-a and 1-b

(fig. 13) shows that, for both high lift and low drag,

slotted flap 1-b is superior. The higher drag of arrange-

coefficient for take-off with a good slotted flap seems to

be around 2.5; therefore, it is important to have as low

a profile drag as possible at these high lift coemcients.

It is probable that the lower drag of slotted flap 1-b at

I

o .4 .8 /.2 I.g Z.O
,Sea:f/onIiff cocff/cienf, ¢t

FtomLs IZ.---ComImri_n ol slotted flaIm t--a and 1-b.

Z.4 2..8

(;
0 .4 .8 /.,2 /G 2.0 2.4 2.8

Secf/om Iiff coeff/cienf, c=

FIo_I 14.--CompatL_on of _otted ffaI_ l-b and I-¢.

ment 1-a in the low-lift (high-speed) range can be the higher lift coei_cients may be accounted for by the

accounted for by the open slot through the airfoil with better shape of this slot lip, which directs the air down-

the flap neutral. With the wing and the power loadings ward over the flap and prevents it from stalling at the

of preenS-day large transport _rplanes, the best lift higher flap deflections. There is no appreciable dif-
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ference in drag between slotted flaps 1-b and 1-c up to

lift coefficients of about 2.5 (fig. 14). Because of the

lower maximum lift of slotted flap l-e, the drag data
for it were not obtained. Other tests of slotted flap 1--e

will be discussed later.

:'/ zz,I _ _. /

Percent w,n_ _ "----'-_._J

(a)St'ZO'.

axis location was used. The profile drag was also among

the lowest. An inspection of the curves of ao against

cz in figure 15 shows that the slope of the lift curves is

practically unaffected by flap deflection except for the

very large values. As previously mentioned, compari-

(b) Percent w,_,e'3s'_ ___

Co)_t-20".

": /

Co)It-IO'. (d) _'--40 o.

\
(fl 4 z \ ',.,o_ \

(e)at-60 °. (0 at-_P.

Fzo_.I 1.6.--Contouxa of flap location {_" _,,, • Slotted flap l-b.

Complete data on slotted flap 1-b.--The complete

section aerodynamic characteristicsof the N. A. C. A.

23012 airfoil with slotted flap 1-b deflected downward

various amounts are given in figure 15. This flap ar-

rangement gave the highest lift coeFBcient of any of the

four arrangements for which the Handley Page fixed-

son of the o_.,, with the flap neutral with the ¢_o,_ of

the plain wing (fig. 7) shows that there is a difference of
about 0.001. The greater part of this increase in drag is

caused by the flap hinge fittings; the remaining Aca o is

due to the break in the lower surface of the airfoil

caused by the slot and will be discussed later.
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The pitching-moment coefficients for this flap arrange-
ment are about the same as for the external-airfoil flap.
A small change between the pitching-moment coeffi-
cients for the flap undeflected (_t----0°) and for the plain
airfoil (fig. 7) may be attributed to a slight downward
deflection of the slotted flap. The hinge-moment co-
efficients are about one-half as great as those for the
plain flap (fig. 9) because the hinge-axis location for
the slotted flap was designed to give partial balance.

DETERMINATION OF OPTIMUM SLOTTED-FLAP ARRANGEMENT

FOR MAXIMUM LIFT

The data presented in this section are the results of
the maximum-lift investigation of the various flap-and-
slot combinations in which the flap, at a given deflec-
tion, was located at points over a considerable area
with respect to the main airfoil. The data are presented
as contours of the position of the nose point of the flap
for a given lift coefficient. The nose point of the flap is
defined as the point of tangency of a line drawn per-
pendicular to the airfoil chord and tangent to the lead-
ing-edge arc of the flap when neutral.

Slotted flap 1.--Contours of flap location for maxi-
mum lift coefficient for a given flap angle are given in

figure 16 for flap 1-b. At 10° flap deflection (fig. 16
(a)), the area of flap positions covered was not suffi-
cient to define the optimum position. The highest
c_.°, is, however, 19 percent higher than it was for
flap 1-b at 10° deflection about the predetermined axis
location (fig. 15). It appears that a large gap between
wing and flap is desirable for low flap deflections from
considerations of maximum lift. At 20 ° flap deflection

(fig. 16 (b)), the optimum position of the nose of the
flap is 4 percent below and 2 percent ahead of the slot
lip. In this position, the maximum lift is 10 percent
higher than it was for the combination given in figure
15. At 30° deflection (fig. 16 (c)), the optimum posi-
tion of the flap for maximum lift is slightly above the
position for the 20 ° deflection. The maximum lift is 3
percent higher with the flap in the optimum position at
this deflection than it was for the same deflection about

the predetermined axis location (fig. 15). The optimum
position of the flap for deflections up to 30 ° probably
should be chosen from a consideration of the drag coeffi-
cients rather than the maximum lift coefficient because
the take-off distance of an airplane may be decreased

by depressing the flap. It is therefore desirable that
the drag coefficient be a minimum for a given lift coeffi-
cient corresponding to the lift coefficient for best climb.
With the flap deflected 40 ° and 50° (figs. 16 (d) and
(e)), the maximum lift coefficient is about the same as
for the same deflections about the predetermined axis

location (fig. 15). The optimum positions of the nose
point of the flap for these deflections are, respectively,
about 2.5 percent below and 0.5 percent ahead of the
slot lip and 1.75 percent below and 0.5 percent ahead of
the slot lip. For the 60° flap deflection (fig. 16 (f)),
the maximum lift coefficient is about 4 percent higher

than for the same deflection about the predetermined

axis location (fig. 15). The optimum position of the
nose point of the flap for this deflection is about 1 per-
cent below the slot lip.

The contours of figure 16 show that, for small flap
deflections, the optimum position of the flap for maxi-
mum lift coefficient is much less critical than it is for

the larger flap deflections. It is also evident that there
is a considerable loss in lift coefficient if the nose of the

flap is moved back of the slot lip. These results are in
agreement with previous tests of external-airfoil am!
Fowler flaps. The highest maximum lift coefficient

_.8

z.4

.C'z.o

c5

._.

i.e

.8

.4

o 2o 40 6o
Flapdeflection,6_,,de_

FIQURZ I7.--El_'t of slot-entry radl_ on el,,,,, a.

8O

was obtained with the nose of the flap directly under

the slot lip and with a gap between the flap nose and
the slot lip of about 1_ percent of the wing chord.

Because of a possible hazard from icing of large

openings in the surface of a wing, flap 1 was also tested
using slot shape e, with the flap in the best position
for maximum lift coefficient from the tests of shape b.

The results of these tests are given in figure 17 as plots
of maximum lift coefficient against flap deflection.
The effect of rounding the slot entry on maximum lift
coefficient is also shown in this figure. The maximum
lift coefficient of slotted flap 1-e from these tests is

about 8 percent higher than it was for this combina-
tion with the flap deflected about the predetermined

I.'tTlfiT--;_9--3
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axis location (fig. 12). With the slot entry rounded to

a radius 2 percent of the wing chord (slotted flap 1-e_),
the maximum lift coefficient is about the same as it

was forslotted flap 1-b (fig. 16 (f)). A further rounding

of the slot entry to a 4-percent-chord radius had a
detrimental effect on the maximum lift. It appears
from these results that the shape of the slot is not

bination with flap l-b, which accounts for the increases
in lift. The best positions for the nose of flap 2-h rela-
tive to the slot lip are practically the same as for flap
1-b.

The contours showing the maximum lift coefficients
for the various deflections of slotted flap 2-i are given
in figure 19. This arrangement is inferior to both 1-b

Chord

J
Percen/ winq chord

(a)_t-I(_.

(< o /

Percent wing

(c) 6r-_} °.

Percent win 9 chor,

Ftousl 18.--Contoum _ _ap loeaUon {or c_,,,. Slotted flsp 2-b.

critical for ma_-dmum lift provided that the flap is
located properly with respect to the slot lip.

Slotted flap 2.--The contours showing maximum lift
coefficients for the various deflections of slotted flap
2-h are given in figure 18. This combination gives a
higher lift coefficient at each deflection than was ob-
tained at the corresponding flap deflections with flap
1-b (fig. 16). The total projected area of flap 2-h
and the main airfoil is greater than the area of the corn-

Percenl wing chor_

(d)_-_.

2
Perc_n/

(I) at-_o °.

and 2-h throughout the complete range of flap deflec-
tions. The maximum lift coefficient was obtained with

the flap deflected 60 °, which is 10 ° greater than for
either flap 1-b or flap 2-h. The maximum lift coefficient
with flap 2-i is about the same as it was for flap 1-e_ (fig.
17), a comparable arrangement. The position of the

flap nose for maximum lift coefficient for this arrange-
ment is only about 0.5 percent of the chord below and
about 0.25 percent back of the slot lip.
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X

o._

-._/_ z.zs Z _

4 (" ""'_'_ 4
Percent win9 chordPercen# w,

(a) at-10 °. (b) 8f-20°.

........ " I _'-'_'--_4_
t(c) \'_.---\ 7-.. P_rcen* w,,.,q ch,_.._.\..(
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(e) It-_P.

v C_,-d I ¢:.<;_ ," _ \

(f) 5t-60".

FIG'ullll 19.--Contou_ of flap location for ¢1,,.. Slotted flap 2-1.

Slotted flap 3.--Contours of the flap-nose position
for the maximum lift coefficients of slotted flaps 3-f

and 3-g are given in figures 20 and 21, respectively.
Both of these flaps are inferior to all the other slotted-

flap combinations tested, and both have about the same
maximum lift coefficient. No tests were made at

the small flap deflections because of the inferiority of
the flaps at the large flap deflections. The nose shape
of this flap is probably too blunt to obtain a satisfactory
flow of the air over the upper surface of the tlap.

EFFECT ON PROFILE DRAG OF BREAK IN AIRFOIL SURFACE

DUE TO SLOT

The increments of profile drag Ac_0 caused by the
breaks in the airfoil surface at the flap are plotted in

figure 22. These data _vere obtained by making tests
with the flap undeflected both with and without the
breaks in the surface. (The breaks in the surface were
sealed with plasticine for the tests without the breaks.)
The curves given in figure 22 are differen('es between
faired curves through the test points for the individual
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tests. Slotted flap l-a, which has an open slot through

the airfoil with the flap undeflected, gave the largest

increment of profile-drag coefficient for all lift coefficients

up to 0.60. At the higher lift coefficients, the hc40 de-

creases probably because of some boundary-layer con-

Chord

(a)

f oo- \
Percent \

w/nq_ord _

"_) Jr-40".

(c) 8r-50 °.

gave a Ac_o of 0.0004, which increased to 0.0009 at the

higher lift coefficients. Slotted flaps l-e2 and 2-i
are the next in order giving, at zero lift, a _c_0 of 0.0003

increasing nearly to 0.0008 at the higher lift coefficients.

Slotted flap 1--e gave a _c_0 of about 0.0001 for the low-

(b) win

('O) St.4.q°.

• (d) _t-O0".

F]OUBS20.--Contours of flap location forc_..u. Slotted flap _f.

(s) #i-S&.

FZOURS2l.--Cont_lrs of flap location for 0_ .

(b) Sr-_ °.

Slotted flap _g.

trol from the air ejected on the upper surface of the

airfoil. The Ac_0 for slotted flaps 1-b and 2-h in-
creased from about 0.0008 at zero lift to about 0.0013

at a lift coefficient of 1.0. At zero lift, slotted flap 1-e_

lift condition, which increased nearly to 0.0003 at a lift
coefficient of about 0.50 and then decreased to zero at

tfigher lift coefficients. Slotted flap 1-c showed no
increase in profile drag. It should be pointed out
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that a AVd0 less than 0.0003 is too small to measure

definitely because such a small value is within the

experimental accuracy of the tests.

DETERMINATION OF THE OPTIMUM SLOTTED-FLAP

ARRANGEMENT FOR PROFILE DRAG

The results presented in this section are intended to

aid in the determination of the optimum positions of

the several slotted flaps for take-off and climb from

considerations of low drag. The best take-off and

climb to clear a specified height in the shortest hori-

zontal distance will be the lowest drag coefficient at the

lift coefficients corresponding to take-off and climb.

The data are therefore given as contours of the nose

position of the flap for constant drag coefficients at

certain selected lift coefficients that cover the range

for which the drag coefficient is decreased by deflecting

the flap. The data previously presented show that, for

' 00/6
t.
_.,_ .00/2

_.oooe
00

• ",.._. 0004
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o,

.J

.2

jl ,_ ,..-_
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3lot arrangement
........ I°0

•l-.b ond 2-h

.. .... I-e. ond 2-i
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Section I,ft aoefficien¢, ca

FIovu _.--Effeet ot slot opmdm_ In surfs_o of airfoilon tnm'sm_ ot profile
at, o°; effective R_ynolds Numbs, 3,500,000.

lift coefficients of 1.0 or less, the drag is lowest withthe

flap undeflected.

Slotted flap 1.raThe contours of the position of the

nose point of slotted flap 1-b for constant cJ0 are given

in figure 23. The best position for this flap at a lift

coefficient of 1.5 (fig. 23 (a)) is with the nose point of

the flap 5 percent of the chord below and 4 percent of

the chord ahead of the slot lip. The minimum profile-

drag coefficient is 0.027, and the position for drag

coefficients up to 0.028 is not very critical. At a lift

coefficient of 2.0 (fig. 23 (b)), the best position is about

1 percent above and much more critical than the best

position for a lift coefficient of 1.5. The minimum

profile-drag coefficient is 0.046 with the flap in the best

position at a lift coefficient of 2.0. The optimum

position of the nose of the flap, for minimum drag at a

lift coefficient of 2.5 (fig. 23 (c)), is 2.5 percent below

and 2.5 percent of the chord ahead of the slot lip.

The minimum profile-drag coefficient, when the flap

is in this position, is 0.096 and the position for the low

drag is very much more critical than at the lower lift

coefficients. The flap angles for minimum profile

drag at c_=1.5, 2.0, and 2.5 are, respectively, about

15 ° , 22 ° , and 30 ° .

No detailed surveys were made with slotted flap l-e,

but the effect on c_ 0 of rounding the slot entry is show n

in figure 24 as envelope polars. Rounding the slot

entry with a radius 2 percent of the wing chord gives

Percen# w,_q chord

o

4 '_ ,a)

4 i _a) /

(a) ¢4--1.8.

C__L'! '..0T

6 4 2 O _Percent wl_c] chord

(b) eZl_

Percenf w_nq-c_

(c) ¢=.'z.5.

FIGU_I 23.--Contours of flap location for c_. Slotted flap l-b.

a considerable decrease in c,_o at _ll values of the "et

coefllcient. When the entry radius is increased to 4

percent of the wing chord, however, there is no further

decrease in c_o but a considerable increase at the high

lift coefficients. The best arrangement of slot shape

e, slotted flap 1-e_, is inferior to slotted flap 1-b through-

out the complete range of flap deflections.



20 REPORT NO. 664--NATIONAL ADVISORY CoMMrFrEE FOR AERONAUTICS

Slotted flap 2.--The contours of the position of the

nose point of slotted flap 2-h for constant ca0 are given

in figure 25. At c,----1.5 (fig. 25 (a)), the minimum

profile-drag coefficient is about 4 percent less than it

was for slotted flap 1-b. The position of the flap

nose for theminimum profile-drag coefficient is not very
critical and_the tests did not cover a sufficient area to

close any of the contours. For c,=2.0 (fig. 25 (b)),

the minimum profile-drag coefficient is about 8 percent

ceding comparison of slotted flap 1-b and 2-11 shows

arrangement 2-h to be superior throughout, probably

because of the better nose shape of the flap.

The contours of the position of the nose point of

slotted flap 2-i for given profile-drag coefficients are
shown in figure 26. A comparison of these contours

with thos_ for slotted flap 1-b (fig. 23) and 2-11 (fig. 25)

shows flap 2-i to be inferior to both of the others through-

out the lift range. It is therefore apparently necessary

.28

.24

J

I

:,?

.08

.O4

D
0 .,_ .8 /.2 1.6

3ecf_bn EFt coeff/c/ent, c_

Fmtm_ _.--Effoctof alot,en_'y radius on c le.

ZO Z.4 Z8

lower than for slotted flap 1-b. The contours are not

closed for this lift coefficient and the position for mini-

mum profile drag is again not very critical. The

contours of profile-drag coefficient at c,----2.5 (fig. 25
(c)) show the minimum to be 25 percent less than it was

for slotted flap 1-b. The position of the flap nose for

minimum profile drag is critical at about 3.5 percent

below and 3.0 percent of the wing chord ahead of the

slot lip. There is, however, a second region of low

drag farther ahead and closer to the slot upper bound-

ary for which the contours are not closed. The pre-

that the slot have an easy entry in order to have low

drag together with high lift.

EFFECTS OF SLOTTEDFLAPWITH SPLIT FLAP

EEect on maximum lift--The effect on ctm, = of the

addition of a 0.05c, split flap, deflected downward BO°,

to slotted flap 1-b is shown in figure 27. This compari-
son was made with the slotted flap hinged in such a

way that it was in the optimum position for the maxi-
mum lift coefficient when deflected downward 60 °

without the split flap. The increase in maximum lift
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coefficient for small deflections of the combination is

quite large. The maximum lift coefficient with the
combination down 25 o is the same as it is with slotted
flap 1-b alone down 50°. The maximum lift coefficient

with the combination down 50° is, however, only 2 per-
cent higher than for the slotted flap alone in its opti-

.03J "03

Chord l_(

028" _ 026

.OZQ

Percenf w,'ng chord

(I) ©,-1_.

0_

(b) .o* •

.050 ._, _

4 £ 0 6 _ _'_"
PercenP w,:r_ chord

(b) e,l-_.0.

(e)cz- 2.5,

Fmu_ _.--Contours of flap locstlo- (or e_e. Slotted flap 2-b.

mum position. It is possible, however, that higher
maximum lift coefficients may be obtained by a more
comprehensive investigation.

Etreet on profile drag.--The effect on c_0 of the

addition of the split flap to slotted flap 1-b is shown in
figure 28 by envelope polars. The combination has

higher drag than the slotted flap alone for lift coefficients
less than 2.2. It is possible, however, that lower drags
could be obtained by using smaller deflections of the
split flap at the smaller deflections of the slotted flap.
The combination has a lower drag than the slotted flap
alone at lift coefficients above 2.2. These results indi-

4 2 0

_ercen/ w/ng chord

(it)¢I"I._,.

0
.c

•°'- t

4 2 0 6

Percenf w,ng chord

Co) e#-2.o.

Percenf w_nq chor_

(e)c_-2.,_.

F|GU_ 2_.--Contou_of flap l_t_n tot c_. Slotted fl_p 2-L

care that multiple-slot flaps might be developed which
would be superior, from considerations of low drag for
take-off and high lift for landing, to any of the slotted
flaps investigated. Further investigation is recom-
mended of multiple-slot flaps and of slotted flaps in
combination with plain and with split flaps.
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OPTIMUM ARRANGEMENT OF SLOTTED FLAP

The optimum flap arrangement was chosen on the
basis of minimum profile-drag coefficient at a given
lift coefficient for lift coefficients less than 2.5 and of

maximum lift coefficient for the larger flap deflections.
On this basis, slotted flap 2-h was superior to any of
the other flap combinations tested. The data for
slotted flap 2-h, when moved along the optimum path
shown, are given in figure 29. Flap-load and moment
data from pressure-distribution tests will be available
for this combination at a later date.

COMPARISON OF FIVE TYPES OF FLAP

Effect on maximum lift.--Increments of maximum

lift coefficient Ac_mz are plotted in figure 30 against flap

deflection to show how the effect of flap deflection
upon maximum lift varies with the five types of flap
tested; namely, split, plain, external-airfoil, Fowler,
and slotted flap 2-11. All coefficients are, of course,
based on area with the flap neutral and the increments,
except for the external-airfoil flap, are taken from the

cz_= of the plain wing.
It is evident that the two slotted types which give

increased area in the deflected positions give the

highest maximum-lift increments. The values for
slotted flap 2-11 are somewhat lower than for the
Fowler flap. The Fowler flap, however, may be con-
sidered as a special case of the slotted flap in which the

0
0 20 40 GO 80

Flop def/ech'on, _ .de9.

FI_UZ= 27.--Effm_t on or=s, ol combininI split flap with slotted flap. Slotted

flap t-b.
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FIo ul_z 28.--Eflect on c,0 of combining spilt flap with slotted flap. Slotted flap l-b.
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o

(d_.) : Y

0 8.38 &91
10 5.41 3.6S
J 3.83 3.46
30 3._ 3.37
40 1.35 2.43
50 ._g) 1.63
6O .13 1.48

FIOURZ 29.--Section aerodynamic characteristicsof N. A. C. A. 23012 airfoilwith slotted flap _-h.
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lip of the slot is extended to the trailing edge of the
basic airfoil. The flap is therefore moved through a

greater distance when extended and deflected and,
consequently, gives more lift because of the greater
lifting surface exposed to the air. Slotted flaps could
be developed with the slot lip terminated at any point
between the location for slotted flap 2-h, or farther
forward, and the trailing edge of the airfoil. These

slotted flaps would be expected to give cz_, increases

corresponding to the increased airfoil area.

Effect on profile drag.--The effect on e_o of the five

types of flap is shown in figure 31 by envelope polars.
The five types of flap have about the same profile-drag
coefficients for lift coefficients less than 0.90. The

airfoil with slotted flap 2-h has the lowest profile drag
for lift coefficients from about 1.0 to 1.7. The airfoil

with the Fowler flap is somewhat better than slotted
flap 2-h as regards low profile drag at lift coefficients
greater than 1.7. Here again it is probable that a
slotted flap with a greater lip extension could be
developed to give an even lower drag at high lift
coefficients.

When the horizontal distance to land over a given
obstacle is restricted, if a high drag together with a high
lift is desirable, slotted flap 2-]1 is superior to the four
other types of flap tested.

Z.4

_Z.O

1.6

•_-/.z

.¢.

P/a/n.,
£×ter-mol-a#-£oilflap _ -
Fow/er f/op....................

0 ZO 40 60 80
F/op def/echon,&_,,deg.

FIGu_ aO.--Compaflson of lnaz_lments of maximum lift coet_cie_ts for five types of

flap,

0
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11. TESTS IN VARIABLE-DENSITY WIND
TUNNEL

APPARATUS AND TESTS

The variable-density wind tunnel is described in
reference 17, except that an automatic electric balance

has been installed to measure.force coefficients. The

precision is discussed in references 14 and 18.
The basic airfoil was made of duralumin to the

N. A. C. A. 23012 profile. The 25.66-percent-chord

slotted flap was built of brass to the ordinates given for

flap 2 in table II. The shape of the slot and the posi-

82 700

,7999c ,_ 20 °

..8136c 0"/

40''._

.8366c

5o" ".,_

Ylo_ _.--_tl_ o( _l_loU with 0.21_ -lotted flap 2-h°

tions of the flap for the various flap deflections (at) are

showu in figure 32. In the investigation made in the 7-

by 10-foot tunnel, these positions were selected as the

optimum, the criterion being low drag in the lift range

below a value of 2.5 and high maximum lift above this

range.
The flap was attached to thewing by five small

steel brackets; a different set of brackets was made for

each flap position because the position was determined

by the size and the shape of the brackets.
The 60-percent-chord plain flap (fig. 33) was built by

cutting the wing at the 40-percent station and connecting

the two parts by a narrow flexible plate flush with the

lower surface. When the flap was deflected, the V-

shape groove formed on the upper surface at the 40-

percent point was filled with plaster of paris, forming

a fair and rounded juncture.

The lift, the drag, and the pitching moment were
measured from below zero lift to beyond maximum lift

at an effective Reynolds Number of about 8,000,000.
The lift in the region of maximum lift was also measured

at an effective Reynolds Number of about 3,800,000.

The measurements were made at flap settings of 0°,

FIOUU 38.--8_tio_ of air(off with 0.60¢ plain flap doflq_Ad 12° and 0.2_¢ slotted
flap

20 ° , 30 ° , 40 ° , and 50 ° . In addition, at flap settings of

30 ° and 40 °, the Reynolds l_umber range from 900,000

to 8,000,000 was covered.
The slotted flap was also tested at deflections of

20 °, 30 °, and 40 ° in combination with the 60-percent-

chord plain flap deflected 12 °.

RESULTS AND DISCUSSION

PRESENTATION

The results are presented as a series of lift curves for

a rectangular wing of aspect ratio 6 in figure 34; the
two groups of curves in the figure correspond to the two

Reynolds Numbers at which all the tests were run.

The section characteristics, indicated by lower-case

letters and presented in figures 35 and 36, were worked

up as explained in reference 18.

MAXIMUM LIFT

The lift reaches a maximum at a flap deflection of

40 ° (fig. 34). The variation with Reynolds Number is

shown in figure 37. The maximum _ increases with

Reynolds Number but appears to be leveling off at the

end of the Reynolds Number range tested (about

8,000,000). The results of tests in the 7- by 10-foot
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wind tunnel are also shown on the figure and the

agreement with the variable-density-tunnel results, for

the two points shown, is good. It will he noted that

the increment of maximum lift is nearly constant over

the range tested. A comparison of these results with
those of references 2 and 19 shows that, at a Reynolds

Number of 8,000,000, the slotted flap can reach a maxi-

mum lift coefficient of 2.86 as compared with'2.54 for

had practically no effect on the drag. If the slot is

perfectly sealed when the flap is neutral, a decrease of

the minimum drag of the order of 15 percent may

accordingly be expected.

The drag of the wing at high lifts, with slotted flap

2-h deflected to its most favorable position at each

lift coemcient, is included in figure 39. This curve,

which may be called a profile-drag envelope polar, is
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FIoUlul 34.1Lift alpdDst lmIlli ol attack fo¢ N. A. C. A. 23012 airfoil with 0.21S88eslotted flap 2-h, reetaniular wtnll, aspect ratio 8.

the split flap, 2.39 for the plain flap, and 2.37 for the

external-airfoil flap.

The deflection of the 0.60c plain flap had only a minor

effect on either the maximum lift or the shape of the lift
curve near the maximum (fig. 34).

PROFILE DRAG

The wing with the slotted flap in the neutral position

had 15 percent higher minimum drag than the plain

airfoil, as shown in figure 38. In order to iind out to

what extent this drag increment could be reduced by

preventing flow through the slot, tests were made with

the upper slot closed. The closing of the slot exit

the envelope of all the polars for the wing with all flap

settings. A series of such curves for various flap types

and arrangements shows the relative merit of each type
for such an item of performance as take-off where,

other things being equal, lower drag at high lift coe_-

cients is advantageous. Such a series of curves (fig.

39) shows the 0.2566c slotted flap 2-h to be definitely

superior to the 0.20c plain and split flaps, as was also

shown by the 7- by 10-foot tunnel _ests. Slotted flap

2-h is also slightly superior to the external-airfoil flap

on the basis of low drag and is greatly superior to it on
the basis of maximum lift. The data for these other

flap arrangements are taken from references 2 and 19.
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.024

0

/6

-.4 0 .4 .8 /.2 /.6 2.0 2.4
_ection lift coefficient, e_

_al _.--Section aerodynamic characterlst|m ot N. A. C. A, 23012 airfoil with 0.2566¢ slotted flap 2-h and the 0.60c plain flap neutral.

approximately $,_,000.
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Effective Reynolds N-mba,
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.O2O
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-.4 o .4 .8 /.2 L6 2.0 2.4 2.8
Secti_ lift coefficient, ez

FIOVBz36.--Section aerodynamic charactertst|= of N'.A. C. A, 23012airfoil with 0,256_ slotted flap 2-h _d the 0 _ plan flap defl_t_ 1_, Eflectlve Ileynolds Number,
approximately 8,200,000.
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PITCHING-MOMENT COEFFICIENT

The pitching-moment coefficient increased with flap

deflection up to 40 ° . The pitching moment for the

same deflection is greater than that of the plain and

the split flaps but, when the comparison is made on the

basis of deflections giving the same lift at the same angle

_sLLLL_,'_'eglliI[l li lill
c 111_".4o' 1 t rEl_ I_ i_ll

4.0_0 30 _ Vqriab/e-den_ity tunnel -_
LLJo Pluzh winqJl I I I I11 ! I I I ql ! ' I I
FFr _ .-, f c I I ltl _ I I rli I i [ I

_4 ) !) i J..--.-""JU_--g--_ 11
_.lll ! Y-I t_, I! i!II
_._ 1 11t ! ,_'°

"Ne i 111 I :11
_'111 I 1 I 1t I , II
_ olll I I ' 11 I, ill!

_ 5 6 71,00_000 _ a . _ I0,000,000
£ffeative Reynolds Number, R,

FIGCrgg 37.--Scale effect on el,we for IN'. A. C. A. 23012 airfoil with and without 0.2566¢

slotted flap 2-h.

of attack, the pitching moments are the same for all

three flaps.

.020

t3

4 0 .4 .8 L2
Section lift coefficient, cz

FIGtrltl _.--Eff_4; of $10t open/ng on profile drag of N. A. C. A. 23012 alrto_ with

dotted Rap 2-h neutral. Effective Re]molds Number, approximately 8,200,000.

.0_ '

.04 --_
.-r--_

o_ "
o

Fzoull 39,--Profile-drag envelope polars, N. A. C. A. 23012 airfoil with various flap_. Effective Reynolds Number, approximately 8,200,000.
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CONCLUSIONS

1. The optimam arrangement of the slotted flap
tested was superior to the spilt, the plain, and the
external-airfoil types of flap compared on the basis of
maximum lift coefficient, low drag at moderate and at
high lift coefficients, and high drag at high lift coefB-
cients. The slotted flap, however, gave slightly lower
maximum lift coefficients than the Fowler flap.

2. The increment of maximum lift due to the .slotted
flap was found to be practically independent of the
Reynolds Number over the range investigated.

3. Openings in the lower surface of the airfoil for the
slotted flaps tested had a measurable effect on the drag
for high-speed flight conditions even when the slot was
smoothly faired to maintain the contour of the upper
surface and there was no air flow through the slot.

4. The slotted flap gave the highest maximum lift
coefficients when the nose of the flap was located
slightly ahead of and below the slot lip and with a slot
lip that directed the air down over the flap.

5. The lowest profile drags at moderate lift coeflio
cients were obtained by using a slotted flap with an
airfoil nose shape and with an easy entrance to the slot.

6. It appears that still further improvement may be
obtained in low drag characteristics at moderate and
high lift coefficients by the nse of multip]e flaps or by
slotted flaps with greater lip extensions.

LANGLEY I_EMORIAL AERONAUTICAL LABORATORY,

NATIONAL ADVISORY COMMIT'tEE FOR AERONAUTICS,

LANGLEY FIELD, VA., February 1_,, 1958.

TABLE I

ORDINATES FOR AIRFOIL AND SLOT SHAPES

{Stations and ordinates in percent of wing chord]

N. A. C. A. 23012 Airfoil

8tat/on

0
1.25
2.5
5
7.5

10
15
2O
2_
3O

_0
e0
70
80
9O
96

100

2.57
3. 61
4.91
5.80
6.43
7.19

.7.50
7.60
7.58
7.14
6. 41
5. 47
4.58
&08
1.68

.92
• I-_

Low*g'
m

0
-1.23
-1.71
-2.20
-2. 61
-2.92
-3.50
-3.97
-4.28
-4. 48
-4.48
-4.17
--3.67

--2.16
--1.23
--.70
--.13

L. E. radius: 1.58. Slope of
radius through end of chord:
0.306.

TABLE I--Continued

ORDINATES FOR AIRFOIL AND SLOT SHAPES--Con.

Slot shape e

____Stati°n Ordinate

74. 89 ] -0.18
7a 41 t . r_
76 93 I 1.18
76.46 I 1.M
77.5O l 2.32
78,06 l 2.87

80.00 ] 2.97

Slot shaper

Station Ordinate

74. 89 --0.15
7641 .59
76. 93 L 18
76.46 1.64
77.50 2.32
7&g8 2.87
80,00 2.9'/
8L70 2.72

Slot shape i

Station Ordinate

74.42 ............
74.74 --0.22
7606 .12
76_ .88
76.33 I. 11
76.97 1.46
71L25 2._
79.53 2.36
$0.81 2._50
82.06 2.88
82.50 2.80

TABLE II

ORDINATES FOR FLAP SHAPES

[Stations and ordinates in perceat of wing chord]

Flap I

Station

6
.52

L04
1.58
2.09
3. 13
4.61 .
5.63
6.82

I&88
2O.63
2662

--L 61
--, 18

.58
1.16
1.63
2.30
2.84
2. 97
2.88
1.68

• 13

Lower
surfs_

--1.61

--2.41
-2. 43
-2. 42
--2. 37

--2. 16

--L23
--. 70
--. 13

Center of L. E. are

0.72 --1.61

L. E. radius: 0.72
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TABLES II--Continued

ORDINATES FOR FLAP SHAPES---Continued

2.64
3.92
&20
5.66
6.48
7.76
9.03
I0.31
15.66
2O.66
25.66

Flsp2

Station Us_P_ Lowersurfs_

0 --L29 --L29.
.40 --.32 --2.05
.73 .Or --2.21

2.00 1.04 -2.41
L40 --2.41
1.94 ......
2.30

--2.16
2.53 ......
.?,.63 ......
2.58 ......
2.46
1.68 --1.23
.92 --.70
• 13 --, 13

Centre" of L. E. ire

0. 9t --L

L. E. rsdlm: 0.01
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